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Clinical Impact of Somatostatin Receptor
Scintigraphy in the Management of Patients with
Neuroendocrine Gastroenteropancreatic Tumors
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Somatostatin receptor scintigraphy (SRS) has been used for the
detection of gastroenteropancreatic (GEP) tumors. This study eval
uates the clinical impact of SRS in GEP tumor detection and its
therapeutic implications on patient management. Methods: We
prospectively studied 160 patients with biologically and/or histolog-
ically proven GEP tumors. Before SRS, patients were classified into
three groups: gastrointestinal (Group 1; n = 90) patients without
known mÃ©tastases;(Group 2; n = 59) patients with mÃ©tastases
limited to the liver; (Group 3; n = 11) patients with known extrahe-
patic mÃ©tastases.The scintigraphic data were compared to the
radiological findings. Results: In Group 1, without known mÃ©tasta
ses, conventional imaging detected 53 primary sites in 44 patients:
SRS was positive in 68% of these sites and discovered 4 additional
primary tumors in 3 patients and 16 mÃ©tastasesin 14 patients.
Conventional imaging was negative in 46 patients: SRS discovered
47 new sites in 36 patients. In Group 2, SRS confirmed liver
mÃ©tastasesin 95% of patients and discovered 45 new sites in 36 of
these patients. In Group 3, SRS disclosed 11 new sites in 7 patients.
These results modified patient classification in 38 cases (24%).
Surgical therapeutic strategy was changed in 40 patients (25%).
Conclusion: Somatostatin receptor scintigraphy improves tumor
detection, has major clinical significance and should be performed
systematically for staging and therapeutic decision making in pa
tients with GEP tumors.

Key Words: Somatostatinreceptor scintigraphy;gastroenteropan
creatic tumors; neuroendocrine tumors

J NucÃ­Med 1997; 38:853-858

Vlastroenteropancreatic (GEP) neuroendocrine tumors are
slow-growing tumors, clinically silent for many years and often
detected when mÃ©tastaseshave developed, most commonly in
the liver (1,2). Tumor localization is essential since surgery
remains the optimal treatment in most patients without mÃ©tas
tases (3-6). Curative surgery is difficult since primary tumors
are frequently very small (<1 cm) and potentially undetectable
by conventional imaging. Therefore, patients commonly re-
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lapse, suggesting the presence of undetected residual tumors.
When liver mÃ©tastasesoccur, the staging of these patients is
essential for therapeutic management. Additional procedures
such as hepatectomy, hepatic artery chemoembolization or even
liver transplantation in very selected cases can be proposed in
patients with mÃ©tastaseslimited to the liver. In case of extra-

hepatic mÃ©tastases,chemotherapy and more recently octreotide
therapy are most frequently indicated. Tumor localization for
accurate staging and therapeutic management justifies the use
of new imaging techniques such as endoscopie ultrasonography
(EUS) (7,8) and somatostatin receptor scintigraphy (SRS)
(9,10).

SRS has been previously reported as an accurate tool for the
detection of neuroendocrine tumors (11,12), based on the
presence of high-affinity binding sites for somatostatin receptor
(13-16). The aim of our study was to evaluate prospectively the

additional clinical value of SRS and its implication on thera
peutic management as compared with conventional imaging in
patients with GEP tumors, including EUS, for the investigation
of the duodenopancreatic area.

MATERIALS AND METHODS

Patients
The impact of SRS was analyzed in 160 consecutive patients (72

women and 88 men, mean age 52 Â±3 yr) with proven GEP tumors,
seen in our institution from November 1992 to September 1995.
The study population included 78 patients with Zollinger-Ellison

syndrome (ZES), 38 patients with a carcinoid tumor and 44 patients
with other types of neuroendocrine tumors. Diagnosis of ZES was
based on histopathology and specific biological syndrome (n = 60)
or only specific biological syndrome (n = 18). In all of the patients

with carcinoid tumors and other neuroendocrine tumors, the
diagnosis was histologically confirmed. All together, histological
confirmation of tumors was obtained in 142 of 160 patients.

Of the 160 patients, 108 were investigated in the primary staging
of GEP tumors. Fifty-two patients were investigated for clinical
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and/or biological recurrence of disease (27 ZES, 25 carcinoid) 4 Â±
1 yr after surgery.

Twelve patients were treated by octreotide prior to SRS: in all
but three patients octreotide was stopped 3 days before and during
SRS. In these three patients, octreotide was not stopped.

Follow-up was conducted for 100 patients (mean time after SRS
18 Â±2 months, range: 4-36 mo). Fifty patients underwent another
SRS, and surgery was performed in 30 patients.

Conventional imaging included chest radiographs, contrast-
enhanced abdominal computed tomography (CT) and abdominal
ultrasonography in all patients. Magnetic resonance imaging of the
abdomen was performed in 17 patients and abdominal angiography
in 9 patients. EUS was proposed each time an accurate investiga
tion of the duodenopancreatic area was feasible (in particular,
absence of previous abdominal surgery) or clinically relevant
(patients with ZES, nonclassified GEP tumors and patients without
an already detected large primary tumor and/or diffuse mÃ©tastases).
Hence, EDS of the duodenopancreatic area was performed in 59
patients.

To evaluate the additional value of SRS in patient management,
patients were classified into three groups according to the presence
or absence of liver and/or extrahepatic mÃ©tastaseson the basis of
conventional imaging results, before SRS. Group 1 included 90
patients without detected mÃ©tastases.Group 2 included 59 patients
with mÃ©tastaseslimited to the liver and Group 3 included 11
patients with known extrahepatic mÃ©tastases.

Because 21 ZES patients in Group 1 were submitted to surgical
resection of the primary tumor, an accurate comparison between
SRS and EUS results was done.

Tumor detection rates in ZES, carcinoid and other types of
tumors were expressed as the percentage of patients with positive
sites and compared using the \2 test (P < 0.05 was considered

significant).

Somatostatin Receptor Imaging
A digestive preparation including a 3-day low residue diet and a

24-hr laxative procedure was applied before SRS imaging to
decrease undesirable bowel activity.

Indium-111-DTPA-D-PHEl-octreotide (135 MBq) was admin
istered immediately after checking the specific radiochemical
purity by chromatography, which was always higher than 95%. No
adverse reaction was observed in the whole series.

Scintigraphic images were acquired using a single-head circular
large field of view rotating gamma camera or a double-head
camera with a medium resolution parallel-hole collimator using a
256 X 256 word matrix with a preset time of at least 10 min.
Acquisition was adjusted to both "'in photopeaks (171 and 245

keV). Abdominal images were obtained at 4 hr after injection, in
the anterior and posterior views. At 24 hr, the acquisition included
systematically anterior and posterior views for the head, chest and
pelvis, and anterior, posterior, lateral and oblique views for the
abdomen. Additional lateral or oblique views of the chest or head
were performed when necessary. Delayed images were systemati
cally done for the abdomen in the anterior and posterior views at
30-48 hr after injection. In case of negative or doubtful images,
the acquisition time was increased from 15-20 min.

Abdominal SPECT was performed in 64 patients to prospec-
tively and comparatively evaluate planar and SPECT images.
Acquisition parameters were a double indium peak acquisition, 64
projections over 360Â°rotation, 60 sec per step, 64 X 64 matrix.

Slices were reconstructed after backprojection using a Hann filter.
Scintigraphic images were visually analyzed by two blinded

independent observers. Disagreements were resolved by consen
sus. A comparison of Scintigraphic and radiological findings was
performed for each tumoral site.

FIGURE 1. Patient with one livermetastasis on
planar SRS imaging (confirmed by surgery) but
negative abdominal SPECT. Both planar and
SPECT images are positive for coeliac tumors.
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Technical Considerations
Four-hour images provided tumor visualization in the liver,

which were missed by 24-hr images in only 2/160 patients.
Conversely, six sites corresponding to four patients were only
evidenced by 24 hr images.

Lateral and oblique views provided additional information in
11 patients: 6 liver, 3 abdominal and 2 rib tumors were
visualized only by these views.

Abdominal SPECT, compared with planar images, detected
eight additional sites in three patients and provided better
visualization in one patient. Twenty-one tumoral sites in 9
patients were detected by planar imaging but were missed by
SPECT (12 liver, 7 duodenopancreatic and 2 lower abdomen)
(Fig. 1).

The primary tumor detection rate seems to be related to the
tumor size. Considering the size of the 28 primary tumors
removed by surgery (range: 3-30 mm), the SRS detection rate
was 6/16 (38%) for tumors of less than 10 mm and 11/12 (92%)
for tumors larger than 10 mm.

Global Detection Rate
Conventional imaging including EUS was positive in 114 of

the 160 patients (71%), as summarized in Tables 1 and 2. SRS
was positive in 125 patients (78%). More interestingly, SRS
was positive in 28 of the 46 patients with previously undetected
tumors on the basis of conventional imaging (61%), whereas
SRS was negative in only 17 of the 114 patients (15%) with
known tumor sites. A few large tumor sites (n = 3), more than
2 cm and 3 cm were SRS negative. Thus, SRS provided
additional detection sites compared with conventional imaging
even if the global detection rate (78% versus 71%) was quite
similar. The detection rate was not significantly different
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TABLE 1
Comparison of SRS Versus Conventional Imaging in the Detection

of Primary Tumor Sites

Overall population
(160patients)Conv

imag positive: 70 (84)
Conv imag negative: 90 (0)SRS

positiveKnown

sites51

(61)New

sites27

(33)
17(22)

Results are expressed as the number of patients and, in parentheses, as
the number of sites. Conv imag = conventional imaging; SRS = somatosta-

tin receptor scintigraphy.

considering the type of GEP tumors: 77%, 75% and 64% of the
primary tumor sites were positive, and 92%, 81% and 93% of
the metastatic sites were positive in, respectively, ZES, carci-
noids and other types of neuroendocrine tumors.

In the overall population of 160 patients, 111 new sites were
discovered by SRS in 80 patients. Thirty-seven of these 111
sites ( 12 in the coeliac area, 3 in the liver, 9 in the chest, 10 in
the bone, 3 in the abdomen) were confirmed during follow-up
either by conventional imaging and/or by surgical findings in 30
patients. Additional tumor sites discovered by SRS in patients
with previously proven metastatic lesions were not further
explored (n = 17). Follow-up results are not yet available for

the remaining 29 patients.
In the duodenopancreatic area in the 21 patients with surgical

confirmation, SRS was positive in 51% of the patients, and EUS
was positive in 51% of the patients, whereas the combination of
SRS and EUS was positive in 90% of patients. In contrast, CT
was positive in only one patient.

In the three patients having SRS while receiving octreotide
therapy, SRS was positive confirming known tumor sites and
discovering new sites.

Results in Patients Groups
Group 1. In this group (90 patients without known mÃ©tasta

ses), both localization of the primary tumor site and the
detection of unknown mÃ©tastasesare crucial (Table 3).

Of the 90 Group 1 patients, conventional imaging detected 53
primary sites in 44 patients. SRS detected 36 of these 53 sites
in 30 of these patients (68%) and discovered 4 additional
primary sites in 3 patients and 16 metastatic sites in 14 patients
(Fig. 2). Forty-six patients had no detectable rumors by con
ventional imaging despite clinical and biological indications of
GEP tumors. Among these 46 patients, SRS revealed 22
primary tumors in 17 patients.

Among these 90 patients without previously known mÃ©tasta
ses, 29 metastatic sites were discovered by SRS in 25 patients
(28%): 21 extrahepatic sites in 17 patients, 7 liver mÃ©tastasesin
7 patients and 1 liver and 1 extrahepatic mÃ©tastasein 1 patient.

TABLE 2
Comparison of SRS Versus Conventional Imaging in the Detection

of Metastatic Sites

Overall population
(160patients)Conv

imag positive: 70 (75)
Conv imag negative: 90 (0)SRS

positiveKnown

sites65(67)New sites21(27)

25 (29)

TABLE 3
Comparison of SRS Versus Conventional Imaging Results in the

Detecting Tumor Sites in Group 1 Patients

SRS positive

Group 1
(90patients)Conv

Â¡magpositive: 44 (53)
Conv imag negative: 46 (0)Known

sites30

(36)
0New

primary
sites3(4)

17(22)New

mÃ©tastases14(16)

11(13)

Results are expressed as the number of patients and, in parentheses, as
the number of sites. Conv imag = conventional imaging; SRS = somatosta-

tin receptor scintigraphy.

Finally, in the overall group, SRS discovered 26 additional
unknown primary lesions in 20 patients and 29 metastatic sites
in 25 patients.

Group 2. This group included 59 patients with known
mÃ©tastaseslimited to the liver using conventional imaging. SRS
confirmed these mÃ©tastasesin 56 patients (95%) and detected
new liver sites in 5 patients. SRS discovered 18 extrahepatic
mÃ©tastasesin 13 of 59 patients (22%) (Fig. 3).

Nineteen patients had 22 known primary tumors and/or
tumoral local lymph nodes: 17 of 22 sites (77%) were detected
by SRS in 15 patients (79%). In addition, SRS discovered 22
primary tumors in 20 patients. Globally, SRS discovered 45
new sites concerning 36 patients.

Group 3. SRS confirmed 19 of 25 known tumor sites: 8 of 9
primary tumor sites in 6 patients and 11 of 16 known metastatic
sites in 8 patients. SRS missed five tumor sites in three patients:
two in the lung and three in the abdomen.

In addition, SRS discovered seven new sites in the duodeno
pancreatic area in four patients and four new metastatic sites
(one cervical lymph node, two thoracic, one bone) in three
patients.

Finally, SRS discovered 11 new sites in 7 patients (64%).
Implications on Patient's Classification and

Therapeutic Strategies
SRS findings modified patient classification in 38 (24%) and

changed surgical strategies in 40/160 patients (25%).
Group shifts are summarized in Table 4. Seven patients

shifted from Group 1 to Group 2: in six patients SRS showed
only one liver metastasis, and curative surgery of the primary

Results are expressed as the number of patients and, in parentheses, as
the number of sites. Conv imag = conventional imaging; SRS = somatosta-

tin receptor scintigraphy.
FIGURE 2. Group 1 patient with ZES. SRS discovered mediastinal tumor
confirmed only 1 yr later by CT and surgery as a thymic tumor.
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FIGURE 3. (a) Anterior view, (b) Posterior view of the chest, (c) Anterior and
(d) posterior view of the abdomen of Group 2 patient with known liver
mÃ©tastases.SRS discovered bone mÃ©tastases.

tumor associated to liver surgery could be indicated. In one
patient, liver mÃ©tastaseswere diffuse and only chemotherapy
could be proposed. Eighteen patients shifted from Group 1 to
Group 3.

In Group 2, SRS revealed extrahepatic mÃ©tastases in 13
patients: these patients shifted from Group 2 to Group 3 and a
curative surgery was contraindicated. Among these patients, a
previous decision of liver transplantation was thereafter de
clined in three patients. In two other patients SRS did not entail
any change in group location, but SRS discovered in these
patients new liver mÃ©tastases(controlateral in one patient and
diffuse in the other one) precluding liver surgery.

Surgery was performed after SRS in 30 patients: the primary
tumor was removed in 24 patients (21 ZES, 3 nonclassified
tumors), mediastinal tumor in 1 patient (ZES), liver tumor in 4
patients, and in 1 patient with liver mÃ©tastases( 1 carcinoid), the
primary tumor only was removed. Of the 24 ZES patients
without known mÃ©tastases, surgery found 28 tumors in 22
patients: CT was positive in 3 of 22 patients, EUS in 11 of 19
and SRS in 14 of the 22 patients. The primary site localization
was found only by SRS in seven patients. In another patient,
SRS showed four primary sites as compared to only two sites
detected by EDS. The surgeon found and removed only two
sites. However, a second surgery was necessary 4 mo later
because of a persistent biological syndrome and SRS hot spots.
SRS and biology normalized thereafter. Five patients with liver
mÃ©tastaseshad surgery: liver surgery (n = 2), liver and primary
tumors or lymph nodes (n = 2) and only surgery of the primary

TABLE 4
Group Shifting of Patients After SRS Findings

Group 1 Group 2 Group 3
Before SRS (90 patients) (59 patients)" (11 patients)

From Group 1 to Group 2
From Group 1 to Group 3
From Group 2 to Group 3
After SRS

7 patients

65 patients 53 patients

18 patients
13 patients
42 patients

*Two patients were in Group 2: SRS discovered unsuspected controlat

eral or diffuse liver sites precluding hepatectomy.

tumor (n = 1) were performed. In these patients, CT and SRS
were positive in all cases of liver mÃ©tastases. For primary
tumors, CT was positive in two patients, and SRS was positive
in all patients. In the last patient without known mÃ©tastases
(ZES), SRS discovered a mediastinal abnormal uptake, con
firmed by a second SRS 1 yr later and by CT and surgery 2 yr
later: This patient had mediastinal surgery for a neuroendocrine
thymic tumor.

DISCUSSION
Our results demonstrate that SRS, as compared with conven

tional imaging, provides major additional information with
important clinical implications since patient classification was
modified in 24% of cases and surgical strategies in 25% of
cases.

Most neuroendocrine GEP tumors express a high density of
somatostatin receptors (13-16). Indium-111-pentetreotide scin-

tigraphic imaging has been successfully used to image GEP
tumors (17-24). Pentetreotide tumoral uptake is mostly related

to the density of somatostatin receptors and their affinity for the
radioligand, which explains the variable response of SRS from
one patient (or from one tumor site) to another (Â¡3,14,16).

In our study, SRS seems to be very accurate, visualizing 84%
of 196 tumor sites detected by conventional imaging and
discovering 111 unsuspected new tumor sites in 50% of the
patients. These results are in agreement with other previously
published reports. Lamberts et al. (10-14), Krenning et al.
(9,11,17,20) and Kwekkeboom et al. reported positive findings
in 60%-90% of the patients with GEP tumors and detected new

tumor sites in 33% of the patients. Jamar et al. (25) reported a
higher detection rate with SRS (87%) when compared with that
obtained with conventional imaging (82%). Similar results were
found by other authors (26-30). The results of the European
Multicenter Trial reported that SRS visualized 297 of 388
known sites and revealed 166 unsuspected lesions in 308
patients; 40% of these unsuspected lesions were subsequently
confirmed as true-positive. In our study, 37 of 111 unsuspected
sites were confirmed as true-positive. One limitation of our
study was that several additional sites discovered by SRS were
not further investigated in patients with previously proven
metastatic lesions for ethical considerations, since the confir
mation of these lesions would not have changed the patient's

management. However, in those patients for whom follow-up
results were available, histological data or conventional imag
ing confirmed 37 lesions in 30 patients, sometimes 1-2 yr later.

Two tumor sites in two ZES patients were not found at surgery
and therefore not confirmed; in one patient, a repeated SRS
remained positive, and the biological syndrome persisted after
surgery, suggesting residual tumor tissue. The global results
suggest high sensitivity, specificity and early positivity of SRS
in the detection of GEP tumors.

Some particular interests and limitations points of SRS must
be emphasized. For SRS and conventional imaging, 95/160
(60%) of the patients had mÃ©tastases.Moreover, 28% of Group
1 patients had mÃ©tastasesdespite early diagnosis and small
primary tumor size. This suggests that tumoral extension may
be underestimated in the staging of GEP tumors that did not
include SRS, therefore penalizing the potential benefit of
surgery. Interpretation of radiological imaging is often difficult
for the duodenopancreatic area, especially after previous sur
gery; SRS imaging may facilitate radiologie interpretation. SRS
is particularly efficient for tumors larger than 10 mm, with a
detection rate of 92%, in contrast to 38% for tumors less than 10
mm. In this area the combination of SRS and EUS seems to be
the most effective procedure, since it detects 90% of primary

856 THE JOURNALOFNUCLEARMEDICINEâ€¢Vol. 38 â€¢No. 6 â€¢June 1997



tumors as already shown in the 21 patients with ZES who had
surgery after SRS. SRS tumor detection is also dependent on the
density of somatostatin receptors independently (some large
tumor sites more than 2 or 3 cm were missed by SRS). The
detection rate is not different according to the histologie type of
neuroendocrine tumor.

In the 52 patients who had previous surgery, SRS results were
quite similar to those of patients without previous surgery. SRS
was negative in 14/52 patients and discovered new tumors in
20/52 patients. Patient classification was changed in 14/52
patients (27%) (12 patients moved from Group 1 to Group 3 and
two patients from Group 1 to Group 2). In patients without prior
surgery (n = 108), patient classification was changed in 24/108
(22%) (ns).

The demonstration of new tumor sites by SRS greatly
affected impact on therapeutic decision. In our series, these
results led to a change in the classification of patients and to
modifications in therapeutic management in 25% of the patients
because of the discovery of unsuspected liver tumors in 7
patients, controlateral liver tumors before hepatectomy in 2
patients and evidencing extrahepatic mÃ©tastasesin 31 patients.
In the results obtained from the European Multicenter Trial and
reported in 235 patients, the information provided by SRS
affected surgical decisions in 29 patients; surgery was under
taken in 21 patients and canceled in 8, whereas octreotide
therapy was initiated in 47 patients, as reported by other authors
(31-34). Jamar et al. (25) reported that SRS findings guided the

therapeutic decision in 20 of 38 patients (53%); multiple tumor
sites were discovered by SRS in 5 of 16 patients (31%)
considered as having a single or no known lesion, thus
contraindicating curative surgery. In patients who were candi
dates for surgery (on the basis of conventional imaging meth
ods), SRS may confirm the therapeutical plan when no addi
tional tumor sites are visualized with SRS.

Conventional imaging is useful in the diagnosis and the better
anatomical localization of GEP tumors, whereas the informa
tion provided by SRS is essential for therapeutic decision and
underlines the importance of performing SRS for staging. The
usefulness of SRS as a first-line procedure was analyzed
retrospectively. Patients were classified into three groups ac
cording to the presence or absence of liver and/or extrahepatic
mÃ©tastaseson the basis of SRS results. Group 1 included 71
patients without mÃ©tastases.Group 2 included 50 patients with
mÃ©tastaseslimited to the liver and Group 3 included 39 patients
with extrahepatic mÃ©tastases.Conventional imaging analyzed
after SRS changed patient classification in only six patients
(4%): three patients moved from Group 1 to Group 2, and three
patients moved from Group 1 to Group 3. Conventional
imaging changed surgical strategies in 6/160 patients (4%).

SRS should be proposed as a first-line investigation for the
staging of patients. In the case of extrahepatic, extra-abdominal
mÃ©tastasesdemonstrated by SRS, no additional procedures are
required for patient management. Before a surgical cure, SRS
seems very helpful because it may increase the detection rate
and improve primary tumor localization, ensuring a complete
cure and thus providing a better chance to prevent recurrence of
the disease. To improve localization and complete resection of
tumors during surgery, other studies reported a potential interest
of intraoperative use of a labeled octreotide (35). In patients
with known liver mÃ©tastases, in whom either liver artery
chemoembolization, hepatectomy or transplantation are poten
tially indicated, SRS is crucial in confirming these indications.
In our population, liver transplantation was contraindicated in
three patients because of extra-abdominal mÃ©tastases,leading to
major medical and economic relevance.

It must be emphasized that these positive results may also be
dependent on the acquisition method, thereby requiring long
time planar images and multiple abdominal views repeated at
three different times. The best compromise for tumor detection
were 24-hr images. However, obtaining earlier images was also
helpful in the abdomen, providing easier detection when the
tumor-to-physiological uptake ratio was higher due to low
physiological accumulation in the liver and kidneys and the
absence of bowel uptake. Abdominal images obtained later
(30-48 hr) were also helpful in differentiating tumoral from

digestive tracer uptake, which may be increased even if patient
preparation was adequate.

Abdominal SPECT may provide additional information with
regard to tumor localization and to differentiate specific uptake
from bowel activity. However, it presents a lower diagnostic
value as compared with the whole set of planar images, which
cannot be substituted by SPECT.

CONCLUSION
Indium-111-pentetreotide scintigraphy is a sensitive and

accurate procedure for the imaging and staging of GEP tumors.
Somatostatin receptor scintigraphy may be proposed as a
first-line investigation in patients with clinical and biological
diagnosis of GEP tumors by selecting patients eligible for
curative surgery from those with extrahepatic mÃ©tastases.In
patients without extrahepatic mÃ©tastasesdemonstrated by SRS,
conventional imaging may be useful to confirm surgical indi
cation. In these patients, the association of EUS and SRS is
powerful for detecting and localizing primary tumor sites. The
accuracy of SRS depends on the acquisition of multiple views,
including lateral and oblique views and/or SPECT. Conversely,
conventional imaging alone is not accurate enough for detecting
hepatic and extrahepatic mÃ©tastases,underestimating the tu-
moral extension in nearly one-third of the patients. Thus, our
results suggest that SRS is required for the preoperative
management of patients with GEP tumors.

REFERENCES
1. Mignon M. Umilii-. S. Diagnosis and treatment of Zollinger-Ellison syndrome.

BaillÃ©re'sClin Gaslroenlerol 1988:2:677-698.

2. Norton JA, Doppman JL, Jensen RT. Curative resection in Zollinger-Ellison syn
drome. Ann Surg 1992:215:8-18.

3. Fraker DL, Norton JA. Alexander HR, Venzon DJ. Jensen RT. Surgery in Zollinger-
Ellison syndrome alters the natural history of gastrinoma. Ann Surg 1994:220:320-

330.
4. Kvols LK. Reubi J-C. Metastatic carcinoid and the malignant carcinoid syndrome.

ActaOncol 1993:32:197-201.

5. AkerstrÃ¶m O. Makridis C, Johansson H. Abdominal surgery in patients with midgut
carcinoid tumors. Acta Oncol 1991:30:547-553.

6. Norton JA. Surgical treatment of islet cell tumors with special emphasis on operative
ultrasound. In: Mignon M, Jensen RT, eds. Endocrine tumors of the pancreas: recent
advances. Basel. Switzerland: Karger: 1995:309-332.

7. RÃ¶schT. Lightdate CJ, Botet JF. et al. Localization of pancreatic endocrine tumors by
endoscopie ultrasonography. N Engl J Med 1992:326:1721-1727.

8. Ruszniewski P, Amouyal P. Amouyal G, Cadiot G, Mignon M, Bemades P. Endocrine
tumors of the pancreatic area: localization by endoscopie ultrasonography. In: Mignon
M, Jensen RT, eds. Endocrine tumors of the pancreas: recent advances. Basel,
Switzerland: Karger; 1995:258-267.

9. Krenning EP, Bakker WH. Breeman WAP, et al. Localization of endocrine-related
tumours with radioiodinated analogue of somatostatin. Lancet 1989;i:242-245.

10. Lamberts SWJ. Bakker WH. Reubi JC, Krenning EP. Somatostatin receptor imaging
in the localization of endocrine tumors. N EnglJ Med 1990:323:1246-1249.

11. Krenning EP, Kwekkeboom DJ. Bakker WH. et al. Somatostatin receptor scintigraphy
with ['"In-DTPA-D-Phel]- and ['21I-Thyr3]-octreotide: the Rotterdam experience

with more than 1000 patients. Eur J NucÃ­Med 1993:20:716-731.

12. Lamberts SWJ, Krenning EP, Reubi JC. The role of somatostatin and its analogs in the
diagnosis and treatment of tumors. Endocrin Rev 1991:12:450-482.

13. Reubi JC. HÃ¤ckiWH, Lamberts SWJ. Hormones producing gastrointestinal tumors
contain a high density of somatostatin receptors. J Clin Endocrinol Metab 1987:65:
1127-1134.

14. Lambert SWJ, Hofland LJ, Van Koetsveld PM, et al. Parallel in vivo and in vitro
detection of functional somatostatin receptors in human endocrine pancreatic tumors:
consequences with regard to diagnosis, localization and therapy. J Clin Endocrinol
Metab 1990:71:566-574.

SOMATOSTATINRECEPTORSCINTIGRAPHYINTUMORPATIENTSâ€¢Lebtahi et al. 857



15. Reubi JC. Kvols L, Krenning EP, Lamberts SWJ. Distribution of somatostalin receptor
in normal and tumor tissue. Metabolism 1990;30(supp] 2):78-81.

16. Reubi JC, Kvols L, Krenning EP. Lamberts SWJ. In vivo in vitro detection of
somatostatin receptors in human malignant tissues. Ada Oncnl 1991:30:463-468.

17. Krenning EP. Kwekkeboom DJ, de Jong M, et a!. Essential of peptide receptor
scintigraphy with emphasis on the somatostatin analog octreotide. Semin Oncol
1994:21:6-14.

18. Lamberts SWJ, Reubi JC. Krenning EP. Somatostatin and the concept of peptide
receptor scintigraphy in oncology. Semin Oncol 1994;21:l-5.

19. Lamberts SWJ. Chayvialle J-A. Krenning EP. The visualization of gaslroenteropan-
creatic tumors. Metabolism 1992;9(suppl): 111-115.

20. Kwekkeboom DJ, Krenning EP. Bakker WH. et al. Somatostatin receptor scintigraphy
in carcinoid tumors. Ear J NucÃ­Med 1993:20:283-292.

21. Kvols LK. Brown ML, O'Connor MK, et al. Evaluation of a radiolabeled somatostatin

analog (1-123 octrotide) in the detection and localization of carcinoid and islet cell
tumors. Radiolog)' 1993:187:129-133.

22. Joseph K, Stapp J, Reinecke J. et al. Receptor scintigraphy with ' ' 'In-pemetreotide for

endocrine gastroenteropancreatic tumors. Harm Metab Res 1993;27(suppl):28-35.

23. De Kerviler E, Cadiot G. Lebtahi R, Paraggi M. Le Guludec D, Mignon M. GRESZE:
Somatostatin receptor scintigraphy in 48 patients with the ZolHnger-Ellison syndrome.
Ear J NucÃ­Med 1994:21:1191 -1197.

24. Pauwels S. Leners N, Fiasse R. et al. Localization of gastroenteropancreatic tumors
with "'indium pcntetreotide scintigraphy. Semin Oncol 1994:21:15-20.

25. Jamar F, Fiasse R. Leners N. Pauwels S. Somatostatin receptor imaging with
Indium-111-pentreotide in gastroenteropancreatic neuroendocrine tumors: safety, ef
ficacy and impact on patient management. J NucÃ­Med 1995:36:542-549.

26. Kwekkeboom DJ, Krenning EP, Oei HY, et al. Use of radiolabeled somatostatin to
localize islet cell tumors. In: Mignon M, Jensen RT, eds. Endocrine tumors of the
pancreas: receÃ±Ã­advances. Basel, Switzerland: Karger; 1995:298-308.

27. Wiedenmann B, Bader HM, Scherubl et al. Gastroemeropancreatic tumor imaging with
somatostatin receptor scintigraphy. Semin Oncol 1994:21:29-32.

28. Schirmer WJ. Melvin WS, Rush RM, et al. Indium-111-pentetreotide scanning versus

conventional imaging techniques for the localization of gastrinoma. Surgery 1995;! 18:
1105-1113.

29. Ahlman H. Tisell L-E. Wanberg B. et al. Somatostatin receptor imaging in patients

with neuroendocrine tumors: preoperative and postoperative scintigraphy and intraop
erative use of a scintillation detector. Semin Oncol 1994:21:21-28.

30. Krenning EP. Kwekkeboom DJ, Pauwels S, et al. Somatostatin receptor scintigraphy.
In: Freeman LM, ed. Nuclear medicine annual. New York: Raven Press; 1995:1-50.

31. Lamberts SWJ. Reubi JC, Krenning EP. The role of somatostatin analogs in the control
of tumor growth. Semin Oncol 1994:21:61-64.

32. Kvols LK. Medical oncology considerations in patients with metastatic neuroendocrine
carcinomas. Semin Oncol 1994:21:56-60.

33. Wiseman GA, Kvols LK. Therapy of neuroendocrine tumors with radiolabeled MIBG
and somatostatin analogs. Semin NucÃ­Med 1995:25:272-278.

34. Lamberts SWJ, Van Der Lely A-J, De Herder WW, et al. Octreotide. N Engl J Med
1996:334:246-254.

35. Woltering EA. Barrie R, O'Dorisio TM. O'Dorisio MS. Nance R. Cook DM. Detection

of occult gastrinomas with iodine-125-labeled lanreotidc and intraoperative gamme
detection. Surgen 1994;! 16:1139-1147.

Phase I/II Clinical Radioimmunotherapy with an
Iodine-131 -Labeled Anti-Carcinoembryonic Antigen
Murine Monoclonal Antibody IgG
Thomas M. Behr, Robert M. Sharkey, Malik E. Juweid, Robert M. Dunn, Rae C. Vagg, Zhiliang Ying, Cun-H. Zhang,

Lawrence C. Swayne, Yehuda Vardi, Jeffry A. Siegel and David M. Goldenberg
Garden Stale Cancer Center, Center for Molecular Medicine and Immunology, 520 Belleville Avenue, Belleville, New Jersey

The aim of this study was to determine, in a Phase I/II clinical trial,
the pharmacokinetics, dosimetry and toxicity, as well as antitumor
activity, of the 131l-labeled murine anti-carcinoembryonic antigen
(CEA) monoclonal antibody, NP-4 (IgG, subtype). Methods: A total
of 57 patients with CEA-expressing tumors (29 colorectal, 9 lung, 7
pancreas, 6 breast and 4 medullary thyroid cancer patients), mostly
in very advanced stages, were treated. The patients underwent a
diagnostic study (1-3 mg of IgG and 8-30 mCi of 131I)to assess

tumor targeting and to estimate dosimetry, followed by the thera
peutic dose (4-23 mg and 44-268 mCi), based on the radiation dose
to the red marrow. Imaging was performed from 4-240 hr postin-
jection (planar and SPECT). Blood and whole-body clearance were
determined; radiation doses were calculated by the Medical Internal
Radiation Dose scheme. Results: Red marrow doses ranged from
45 to 706 cGy, and whole-body doses ranged from 31 to 344 cGy.
Differences in pharmacokinetics were found between different types
of CEA-producing tumors: blood T1/2 was significantly lower in

colorectal cancer when compared to all other tumor types (21.4 Â±
11.1 hr versus 35.8 Â±13.2 hr; p < 0.01), as was also whole-body
t1/2. Myelotoxicity was dose-limiting, and its severity was related to
the types of prior therapy and extent of bone marrow involvement.
In patients without prior radiation or chemotherapy, marrow doses
as high as 600 cGy were tolerated without evidence of dose-limiting
toxicity. No major toxicity to other organs was observed. Tumor
doses were inversely related to the tumor mass and ranged between
2 and 218 cGy/mCi. Modest antitumor effects were seen in 12 of 35
assessable patients (1 partial remission, 4 minor/mixed responses
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and 7 with stabilization of previously rapidly progressing disease).
Conclusion: These results suggest that prior chemotherapy or
external beam radiation is an important risk factor for the develop
ment of hematological toxicity in radioimmunotherapy and that
higher radiation doses may be delivered to tumors of patients
without prior therapy compromising the bone marrow reserve. The
different and, in the individual cases, unpredictable clearance rates
suggest the necessity of dosimetry-based treatment planning rather
than mCi/m2 dosing. Small tumors seem to be more suitable for

radioimmunotherapy because of their favorable dosimetry, but to
achieve better therapeutic results in patients with bulky disease, the
application of higher, potentially myeloablative doses is indicated.
KeyWords: radioimmunotherapy;iodine-123-anti-CEA; pharmaco
kinetics
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Vxarcinoembryonic antigen (CEA)-expressing adenocarcino-

mas occur in the most frequent types of cancer, including
colorectal, lung and breast cancers (/). Although there have
been advances in the surgical management of primary tumors,
rendering surgery possible in certain more advanced stages of
disease, the major cause of cancer mortality is the spreading of
the disease to distant sites (2). The three conventional treatment
strategies, i.e., surgery, external beam radiation and chemother
apy, are only of limited value in the management of metastatic
disease (2). Furthermore, chemotherapy is burdened by multi-
organ toxicity, often compromising the patient's quality of life

(2).
There has been an increasing emphasis on the recognition of
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